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Abstract: There are 466 million people globally with disabling hearing loss, many of whom can benefit
from hearing aids. The aim of the study was to assess the impact of providing hearing aids on poverty,
mental health, quality of life, and activities, among adults in Guatemala. A nonrandomised before
and after study was conducted, with a comparison group to assess for secular trends. Adult cases with
bilateral hearing impairment were identified within 150 km of Guatemala City, as well as age- and
sex-matched comparison subjects without disabling hearing loss. All participants were interviewed
with a semistructured questionnaire, and cases were offered hearing aids. Participants were
reinterviewed 6–9 months later. We interviewed 135 cases and 89 comparison subjects at baseline and
follow-up. At baseline, cases were poorer than comparison subjects with respect to individual income
(p = 0.01), household income (p = 0.02), and per capita expenditure (PCE) (p = 0.003). After provision
of hearing aids, median household income improved among cases (p = 0.03). In the comparison
group, median individual income (p = 0.01) and PCE (p = 0.03) fell between baseline at follow-up.
At follow-up, there were also improvements in productive time use, quality of life, and depressive
symptoms among cases, but these were less apparent in the comparison group. In conclusion,
this study has demonstrated a positive effect of hearing aids in improving quality of life, economic
circumstances and mental health among Guatemalan adults.
Keywords: Guatemala; poverty; quality of life; mental health; hearing aids
1. Introduction
Hearing loss is very common; an estimated 466 million people globally live with disabling hearing
loss, defined as >40 dBHL average at frequencies 0.5, 1, 2, and 4 kHz in the better hearing ear in adults
(15 years or older) or >30 dBHL in the better hearing ear in children (0 to 14 years) [1]. This figure
equates to a global prevalence of 6.1%, and includes 34 million children and one in three people aged
65 years and older. Overall, approximately 90% of those affected by disabling hearing loss live in low
and middle income countries (LMICs), yet services are limited in those settings [2].
Disabling hearing loss has wide-ranging impacts. It diminishes the capacity to detect and localise
sounds and recognize speech, and thereby adversely affects communication. As a consequence,
people with hearing loss may find it difficult to participate in different activities, particularly those that
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require social interaction and communication [3,4]. For instance, people with hearing loss on average
have attended formal schooling for fewer years and achieved lower educational outcomes than people
with normal hearing [5]. Hearing loss is also related to poorer quality of life [6,7] and poorer mental
health [8,9]. People with hearing loss may be more vulnerable to dementia [10,11], perhaps because
they receive less auditory stimulation. On average, they also experience more difficulties accessing
healthcare services [12], and have a higher risk of mortality [13]. There are also economic implications,
as hearing loss is linked to lower employment [5], including in highly skilled jobs [14], likely because
of difficulties in communicating but also because of the earlier exclusion from education experienced
by people with hearing loss. These exclusions can result in a substantial economic impact of hearing
impairment at the national level. Estimates from the USA suggest that in 2005 the economic cost due
to lost earnings is above $100 billion annually for the 24 million hearing-impaired individuals who do
not use hearing aids [15]. WHO estimates that the annual cost of unaddressed hearing loss in 2015 was
$750–790 billion globally [16]. The impacts of hearing loss may vary depending on the age at onset,
but little evidence is available on this point, particularly from LMICs.
Many people with disabling hearing loss can benefit from provision of hearing aids. A hearing
aid does not restore normal hearing or repair the underlying damage that has caused the hearing
loss. However, the aid can help to improve sound detection and speech understanding, and thereby
improve a person’s ability to take part in everyday life. Evidence from high-income countries shows
that provision of hearing aids has benefits [17], including in terms of improving health-related quality
of life [17,18], and potentially on cognition [19]. However, the quality of the available data is of concern,
and data are lacking for LMICs, especially for multidimensional outcomes.
The aim of this study was to assess the impact of hearing aid provision on multidimensional
outcomes, including poverty, mental health, quality of life and activity participation, among adults living
in Guatemala. Guatemala is a lower middle-income country in Central America. A nonrandomised
before and after study with a comparison group was conducted to assess the impact of hearing aids
provision on poverty, quality of life, depression, functional activity and participation, among adults
with disabling hearing loss compared to comparison subjects without disabling loss. The study
participants were selected from adults living in Guatemala, and the follow-up period was 6–9 months.
2. Materials and Methods
2.1. Ethics Approval and Consent to Participate
Ethical approval for the study was granted from the ethics committees of the London School of
Hygiene and Tropical Medicine and the Zugueme Comite Etica Independiente, based in Guatemala
City. All research participants gave written informed consent to take part in the study. People identified
as having hearing loss were referred to services for diagnosis and, where appropriate, provision of
hearing aids.
2.2. Participants
We aimed to identify 200 cases with disabling hearing loss and 200 comparison subjects without
disabling hearing loss. This sample size was appropriate to detect a 30% improvement in quality of
life after provision of hearing aids, with 80% power and 95% confidence (taking into account loss
to follow-up and hearing aid noncompliance, so that 100 cases who were using hearing aids were
available at baseline and follow-up).
We identified adult cases who had disabling hearing loss through the community outreach,
ear-health screening activities of the Sonrisas que Escuchan Foundation (http://sonrisasqueescuchan.
org.gt/), based in Guatemala City in 2015. An experienced audiologist screened potential cases through
pure-tone audiology, using calibrated, portable equipment. Cases were eligible for inclusion if they
were aged ≥15 years, their bilateral hearing loss was classified as “disabling” (measured as 41 dB and
above in the better ear), and they lived within 150 km of Guatemala City. Furthermore, cases were only
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included if they were judged to be eligible for subsidized hearing aid provision, as they were unable to
finance the service independently, and so would be from relatively poor households.
We asked each case to identify three neighbors or nonrelated people living in their community of
a similar age (+/− 5 years) and of the same sex to identify a matched comparison group. All potential
comparison subjects were visited in their homes and underwent an auditory screening test by
a trained fieldworker using a portable, electronic-tablet-based ‘’Shoe-Box Application” audiometer.
Participants who presented with disabling hearing loss were excluded from the comparison group
and offered a referral and follow-up assessment at the Sonrisas que Escuchan Foundation. Initially,
eligible comparison subjects were restricted to those with normal hearing, but after difficulties
identifying eligible subjects, the eligibility criteria for comparison subjects were extended so that those
with mild hearing loss (26–40 db) were included.
2.3. Baseline Data Collection
All cases and comparison subjects were interviewed at baseline (October 2015–January 2016),
with a semistructured questionnaire, including the following items:
Poverty was measured through assessing assets, income and per capita expenditure (PCE), based on
previous approaches [20] and developed from the World Bank’s Living Standards Measurement Survey,
which has been used globally for several decades [21]. Items were included on asset ownership,
as well as household characteristics, such as the structure of the walls and roof, type of toilet and
water facilities, fuel and utility sources and land ownership. Three questions were included related to
personal income and total household income (weekly or monthly) as well as other income sources
(e.g., pension, a secondary job, or financial support). To measure PCE, a list of 70 items was included,
covering food, beverages, clothing, household utility bills, taxes, education and healthcare costs.
For each item, we asked participants about the quantity and value of the product or services used,
and whether they were purchased, gifted as payment in kind or home produced. For each item,
a financial value in local currency (Guatemalan Quetzal—GTQ) was assigned, which was converted
into US$. When we measured expenditure, we used a recall period of one week for items that are
bought frequently, but used a time-frame of one month for items that are bought less often. These tems
were summed to calculate total household expenditure, as well as PCE.
Activities data was collected using an activity list [20], based upon the questionnaire in the World
Bank’s Living Standards Measurement Survey [21]. We asked participants if they had been involved in
a list of common daily activities during the last week. If they responded positively, we asked if they had
been involved in that activity yesterday. The participant then estimated the amount of time that they
had spent on each activity in minutes and hours. Activities included household tasks, leisure activities
household work and employment.
We assessed depressive symptoms using the Patient Health Questionnaire [22]. This tool consists
of nine items on depression symptoms, which are summed to generate a symptom score. It is
a validated, self-reporting screening tool for assessing mental health. It has been validated in other
central American settings, including Mexico, which neighbours Guatemala [23].
Quality of life was measured using the WHOQOL-BREF, a person-centered tool for assessing
subjective well-being, which has been translated into many languages and has good psychometric
properties [24]. It includes twenty-six questions divided into four domains, including physical health,
psychological health, social relationships and the environment.
Sociodemographic data was also collected, including marital status, education level and literacy
level (self-defined as ability to read “not at all”, “little”, or “well”).
A pair of trained fieldworkers administered the questionnaire in Spanish, in the participant’s
home, using a mobile data collection tool (the “KoBo Toolbox”).
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2.4. Hearing Aid Provision and Follow-Up
The Sonrisas que Escuchan Foundation contacted all cases after baseline data collection,
and cases were given a clinic appointment for fitting with hearing aids. World Wide Hearing
donated behind-the-ear devices, which were brand-new and made by Phonak (Baseo Q15 Model).
These instruments are considered to be reliable and quality devices, which provide effective sound
quality. They are suitable for people with mild–profound hearing loss.
All cases and comparison subjects were revisited in their homes and reinterviewed in July–August
2016 (6–9 months later) using the structured questionnaire, with some additional components (e.g.,
hearing aid satisfaction). We measured actual hearing aid usage data, which was electronically
downloaded from the device during a follow-up clinic appointment, as well as self-reported hearing
aid use from the interview data.
2.5. Statistical Analysis
At baseline, we compared the demographic characteristics and outcome variables between cases
and comparison subjects using logistic regression, adjusting for the matching variables of age and sex.
Our hypothesis was that we would observe an improvement in outcomes for cases between baseline and
follow-up, but no change for comparison subjects. We did not adjust for other variables, such as SES, as these
may have been on the causal pathway between hearing loss and the outcomes (e.g., depression).
We reported the median income and expenditure at baseline and follow up. A comparison between
baseline and follow-up was performed within the cases using a Wilcoxon sign rank test, to account
for the paired data. A similar test was performed within the comparison subjects to identify if the
secular trends could explain the changes, or lack of changes, observed in the cases. A similar approach
was applied to the depression, but Mcnemar’s test was performed as the outcome—depression—was
a binary variable. A paired t-test was used to compare the mean quality of life scores before and after
the intervention. These analyses were repeated for comparison subjects, to assess whether there had
been secular trends in these variables during the follow-up time period that needed to be taken into
account in interpretation of data. A difference-of-difference comparison was not undertaken, as the
study was not adequately powered for this test.
3. Results
We identified 201 cases with moderate-profound hearing loss, of whom 21 (10%) were excluded as
they had unilateral hearing loss. The remaining 180 cases had bilateral, disabling hearing impairment,
including 49% with moderate impairment, 39% severe impairment and 12% profound hearing loss.
We identified 263 potential comparison subjects, of whom 120 (46%) were excluded because they had
disabling hearing loss (98%) or an inconclusive test result (2%), leaving 143 in the comparison group
for inclusion in the study. After follow-up, we reinterviewed 135 cases (75%), with the remainder lost
to follow-up (96%) or who had lost or suffered theft of their hearing aid (4%). Among the comparison
group, 89 (62%) were reinterviewed, and the remainder were lost to follow-up (89%) or refused to
be reinterviewed (11%). Data were restricted to cases and comparison subjects who completed both
baseline and follow-up questionnaires.
Cases were more likely to be followed-up than comparison subjects (p = 0.01), as were older
people (p = 0.003), but there was no difference in follow-up by gender or category of PCE (as proxy for
socio-economic status—SES). Most (71%) of the cases reported that they used their hearing aids every
day, of whom 93% stated that they used them at least four hours each day, and 69% for 8–16 h daily.
Self-report data were very similar to actual hearing aid usage data, which showed that 98% of cases
wore their hearing aids for at least 1–4 h per day, and 53% wore them for 8–16 h each day.
The cases were somewhat older than comparison subjects, as 66% of the cases were aged 60 years
or above, compared to 37% in the comparison group (Table 1). Besides age, cases and comparison
subjects were well matched on gender, and had similar profiles in terms of marital status, literacy,
Int. J. Environ. Res. Public Health 2020, 17, 3470 5 of 10
educational levels and asset ownership. More people in the comparison group (63%) were in paid
work, compared to only 45% of cases, although this difference was not statistically significant.
Table 1. Baseline sociodemographic characteristics of cases and comparison subjects.








<40 15 (11%) 14 (16%) Reference
<0.01
40–49 10 (7%) 11 (12%) 0.87 (0.28, 2.69)
50–59 21 (16%) 31 (35%) 0.62 (0.25, 1.56)
60–69 43 (32%) 23 (26%) 1.69 (0.69, 4.12)
70+ 46 (34%) 10 (11%) 4.14 (1.52,11.29)
Gender
Male 75 (56%) 39 (44%) Reference
0.18Female 60 (44%) 50 (56%) 0.68 (0.38, 1.20)
Marital Status
Single 26 (19%) 20 (22%) Reference
0.16
Married/Living
Together 85 (63%) 55 (62%) 0.91 (0.42, 1.98)
Divorced/Separated 5 (4%) 8 (9%) 0.60 (0.16, 1.70)
Widowed 19 (14%) 6 (7%) 2.44 (0.82, 7.23)
Literacy
Not at all 8 (6%) 3 (3%) 1.89 (0.49, 7.36)
0.37Little 13 (10%) 5 (6%) 1.85 (0.64, 5.39)
Well 114 (84%) 81 (91%) Reference
Education
Level
No Education 10 (7%) 4 (4%) 1.59 (0.47, 5.35)
0.57Primary 45 (33%) 34 (38%) 0.84 (0.48, 1.49)
Secondary/University 80 (59%) 51 (57%) Reference
Asset Score
Quartile 1 (poorest) 36 (27%) 20 (22%) Reference
Quartile 2 41 (30%) 19 (21%) 1.18 (0.52, 2.68) 0.14
Quartile 3 31 (23%) 23 (26%) 0.64 (0.28, 1.47)
Quartile 4 (least
poor) 27 (20%) 27 (30%) 0.50 (0.22, 1.12)
Employed Yes 61 (45%) 56 (63%) Reference 0.09No 74 (55%) 33 (37%) 0.59 (0.33–1.08)
At baseline, amongst those who were receiving income, individual income was significantly
lower among the cases than the comparison subjects (p = 0.01), and case households had lower annual
household income than comparison households (p = 0.02) (Table 2). Similarly, mean PCE at baseline
was lower among cases than the comparison group (p = 0.003). After provision of hearing aids,
there was an improvement in median household income among cases (p = 0.03). In the comparison
group, there was a fall in median individual income (p = 0.01) and PCE (p = 0.03) during this time
period. Allocation of PCE (e.g., on health, education and leisure) did not change after follow-up among
cases or comparison subjects (data not shown).

























income US$ (IQR) 155 (0, 405)
271 (88,











Mean PCE US$ (SD) 99 (89) 202 (381) 0.003 111 (147) 124 (167) 0.21 0.03
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At baseline, cases spent more time on household tasks than people in the comparison group
(Table 3). After hearing aid provision, cases spent less time on household tasks (p < 0.001) and more
time on paid tasks or self-employment (p = 0.05). No changes in time allocation were observed in the
comparison group after follow-up.


























Tasks 39% 33% 0.01 28% 33% <0.001 0.73
Paid/Self
Employment 9% 11% 0.53 16% 14% 0.05 0.33
Household
Work 6% 4% 0.63 5% 5% 0.81 0.49
Social Visits 12% 13% 0.74 14% 8% 0.41 0.18
Leisure
Activities 28% 32% 0.07 25% 33% 0.85 0.92
Daytime
Sleeping 4% 3% 0.69 7% 3% 0.12 0.61
Other 3% 4% 0.61 5% 2% 0.23 0.22
At baseline, few participants reached the diagnostic threshold for depression, whether they were
cases (4%) or in the comparison group (1%) (Table 4). We also did not observe any clear trends in
severity of depressive symptoms by case status. However, cases were two times as likely to report
any depressive symptoms, as compared to the comparison group (p = 0.05). At follow-up, there were
significant improvements in depression (p = 0.03), depressive symptoms (p = 0.02) and severity of
depressive symptoms (p < 0.01), among cases compared with baseline. Similarly, in the comparison
group there were improvements in depressive symptoms (p = 0.01) and severity of depressive symptoms
(p = 0.03).

























Depression No 130 88 0.50 135 89 0.03 0.32
Yes 5 1 0 0
Depressive
symptoms
No 97 78 0.05 112 85 0.02 0.01
Yes




Not 97 78 0.20 112 85 <0.01 0.03
Minimal 19 7 18 3
Minor 13 4 4 0
Moderate->Severe 6 0 1 1
At baseline, cases had poorer quality of life than comparison subjects, across all domains excepting
psychological quality of life and overall quality of life, where the differences were not statistically
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significant (Table 5). After hearing aid provision, cases reported significant improvements in all
domains of quality of life, except social relationships. By contrast, the comparison group experienced
improvements only in the psychological and environmental domains, and a significant decline in the
social relationships domain.
Table 5. Quality of life of cases and comparison subjects, at baseline and follow-up.
Baseline Follow-Up























Life 3.6 (0.9) 3.8 (0.7) 0.20 3.8 (0.9) 3.9 (0.7) 0.01 0.56
Overall Health 3.3 (1.0) 3.7 (0.8) 0.004 3.7 (0.8) 3.7 (0.8) <0.01 0.65
Physical 14.6 (2.3) 15.8 (2.1) 0.003 15.0 (2.5) 16.2 (2.1) 0.01 0.07
Psychological 14.6 (2.1) 15.1 (2.0) 0.08 15.5 (1.9) 16.0 (1.9) <0.01 <0.01
Social
Relationships 15.3 (2.2) 15.9 (1.7) 0.005 15.6 (1.8) 15.3 (1.8) 0.22 0.01
Environmental 12.8 (1.8) 13.4 (1.6) 0.001 13.7 (1.7) 13.8 (1.9) <0.01 0.02
4. Discussion
We found that at baseline, adults with disabling hearing loss living around Guatemala City
were poorer than the comparison group without disabling hearing loss in terms of individual and
household income and PCE. Furthermore, cases spent more time on household tasks, were more
likely to experience depressive symptoms and had poorer quality of life than the comparison group.
After receipt of hearing aids, cases spent more time on paid work or self-employment, and experienced
improvements in household income. At the same time, the comparison group suffered a fall in
individual income and PCE, as well as in the social relationships score, which was not apparent in the
cases. These data are consistent with a worsening in economic conditions in the comparison group,
with provision of hearing aids buffering cases from these impacts. Both cases and comparison subjects
reported improvements in mental health at follow-up. Cases showed more substantial gains in quality
of life than the comparison group during follow-up, and these were most pronounced in the domains
of psychological, social relationships and environmental, and so are plausibly attributable to improved
ability to communicate.
These findings are consistent with the existing literature, in terms of the broad impact of hearing
impairment. A systematic review investigating the association between poverty and disability in
LMICs included 150 studies and showed strong evidence for this relationship, including for people
with sensory impairment [25]. Data from high-income settings also confirms the adverse links
between hearing loss and employment and earnings [5,14]. Previous studies have also demonstrated
a high prevalence of mental health conditions in people with hearing loss [8,9], although evidence
is predominantly from high-income countries. One study from Nigeria found that older people
experiencing hearing loss showed poorer scores for their activities of daily living and functionality,
especially within the emotional domain, which related to depression [26].
The findings also support the existing literature in terms of finding a positive impact of hearing
aids, although almost all existing data are from high-income settings. A systematic review of 16 studies
concluded that hearing aids improve adults’ health-related quality of life by reducing psychological,
social and emotional effects of sensorineural hearing loss [18]. A second systematic review included
five randomised controlled trials from high-resource countries, and indicated that among adults with
mild/moderate hearing loss hearing aids can improve general health-related quality of life (e.g., physical,
social, emotional and mental well-being) [17]. The review also showed that hearing aids facilitated
people with participation in day-to-day situations, as well as listening to others. The effectiveness
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of hearing aids at improving cognition or mental health is less clear in the existing literature from
high-income settings [19,27,28].
The literature from LMICs is far sparser, and includes mostly small-scale impact studies. However,
these have also shown that hearing aid usage contributes towards better quality of life and mental health.
For instance, one study from Turkey with a relatively small sample size (including only 37 participants)
demonstrated that depressive signs reduced and psychological state and mental function improved
within 3 months of hearing aid use in an elderly population [29]. Similarly, another study with a small
sample size (n = 50) among an elderly population in Brazil showed that provision of hearing aids
resulted in better self-assessed quality of life, and this was apparent across functional, emotional,
social and mental-health domains [30]. More evidence is available, however, of the impact of other
interventions in LMICs on people with functional impairments. For instance, the Cataract Impact
Study showed that improving visual acuity through provision of cataract surgery improved levels of
poverty, activities and quality of life among older people in Kenya, the Philippines and Bangladesh,
and that this improvement was sustained over at least 6 years [20].
There are a number of strengths and limitations that must be taken into account when interpreting
the findings of the study. Unexpectedly, we detected mild–severe hearing loss among 66% of potential
comparison participants. Consequently, we extended the eligible age range from 5 to 10 years in order
to reach the necessary sample size of the comparison group. However, this meant that on average
cases were older than comparison subjects, with the increased possibility of residual confounding by
age. Additionally, the eligibility criteria for comparison subjects was extended so that those with mild
hearing loss (26–40 db) were included. This change could mean that cases and comparison group
would be more similar in key outcomes, so that as a result the study could have been under-powered
to detect differences between the two groups. The study population consisted of adults living within
a 150 km radius of Guatemala City, making generalisability to other settings uncertain. The cases
were selected from a low socio-economic status group, who could not afford hearing aids and so
were eligible for subsidized hearing aid provision, and this may have over-estimated differences in
poverty at baseline between cases and comparison groups, although comparison subjects were selected
from the same communities. A drop in the median income for the comparison subjects was observed
between baseline and follow-up, making it more complex to make inferences on the impact of hearing
aids. However, population-based economic data were not available for this time period in this region
of Guatemala, making it difficult to understand the fall in the income in the comparison group, and the
implications for the study findings. Follow-up was also relatively short, at just 6–9 months. In terms of
strengths, multidimensional outcomes were measured using validated tools, and a comparison group
was included to adjust for secular trends.
5. Conclusions
This study has filled an important evidence gap by demonstrating a positive effect of hearing
aids in improving quality of life and mental health among Guatemalan adults. There is also evidence
that hearing aid provision may have buffered cases from the economic downturn experienced by
comparison subjects during the follow-up period. It is well known that there are currently large gaps in
coverage and accessibility of hearing aids, despite their potential positive impacts, as the international
production and supply of hearing aids meets less than 10% of the global need [2]. This situation is
even worse in LMICs, as fewer than 3% of those who need hearing devices have access. This gap is
largely because of the lack of financing and the prioritization of ear and hearing care, and consequently
a lack of availability of audiologists or other relevant healthcare workers, and a lack of hearing aids.
As a consequence, although the benefits of hearing aid provision are potentially vast and diverse,
they are often not realized due to lack of services. The outcomes of this research can be used to support
advocacy efforts to call for further scale-up of hearing screening and provision of hearing aids.
Author Contributions: Conceptualization, M.S., A.S. and H.K.; methodology, M.S., A.S., D.M. and H.K.;
formal analysis, D.M., M.S. and H.K.; investigation, M.S., B.G.T.; data curation, M.S., D.M.; writing—original draft
Int. J. Environ. Res. Public Health 2020, 17, 3470 9 of 10
preparation, H.K., M.S.; writing—review and editing, M.S., D.M., A.S., B.G.T. and H.K.; supervision, H.K., A.S.;
project administration, B.G.T., M.S.; funding acquisition, H.K. All authors have read and agreed to the published
version of the manuscript.
Funding: This research was funded by World Wide Hearing. World Wide Hearing would like to thank its donors,
Grand Challenges Canada, the Bussandri Family Foundation and the Blema and Arnold Steinberg Foundation.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to
publish the results.
References
1. WHO. Prevention of Blindness and Deafness 2018. Available online: http://www.who.int/pbd/deafness/
estimates/en/ (accessed on 27 November 2018).
2. WHO. Multi-Country Assessment of National Capacity to Provide Hearing Care; WHO: Geneva, Switzerland,
2013.
3. Arlinger, S. Negative consequences of uncorrected hearing loss—A review. Int. J. Audiol. 2003, 42 (Suppl. 2),
2S17–2S20. [CrossRef] [PubMed]
4. Bainbridge, K.E.; Wallhagen, M.I. Hearing loss in an aging American population: Extent, impact,
and management. Annu. Rev. Public Health 2014, 35, 139–152. [CrossRef] [PubMed]
5. Beria, J.U.; Raymann, B.C.; Gigante, L.P.; Figueiredo, A.C.; Jotz, G.; Roithman, R.; da Costa, S.S.; Garcez, V.;
Scherer, C.; Smith, A. Hearing impairment and socioeconomic factors: A population-based survey of an urban
locality in southern Brazil. Rev. Panam. Salud Publica 2007, 21, 381–387. [CrossRef]
6. Dalton, D.S.; Cruickshanks, K.J.; Klein, B.E.; Klein, R.; Wiley, T.L.; Nondahl, D.M. The impact of hearing loss
on quality of life in older adults. Gerontologist 2003, 43, 661–668. [CrossRef]
7. Li-Korotky, H.S. Age-related hearing loss: Quality of care for quality of life. Gerontologist 2012, 52, 265–271.
[CrossRef]
8. Kim, S.Y.; Kim, H.J.; Park, E.K.; Joe, J.; Sim, S.; Choi, H.G. Severe hearing impairment and risk of depression:
A national cohort study. PLoS ONE 2017, 12, e0179973. [CrossRef]
9. Tambs, K. Moderate effects of hearing loss on mental health and subjective well-being: Results from the
Nord-Trondelag Hearing Loss Study. Psychosom. Med. 2004, 66, 776–782. [CrossRef]
10. Kim, S.Y.; Lim, J.S.; Kong, I.G.; Choi, H.G. Hearing impairment and the risk of neurodegenerative dementia:
A longitudinal follow-up study using a national sample cohort. Sci. Rep. 2018, 8, 15266. [CrossRef]
11. Ford, A.H.; Hankey, G.J.; Yeap, B.B.; Golledge, J.; Flicker, L.; Almeida, O.P. Hearing loss and the risk of
dementia in later life. Maturitas 2018, 112, 1–11. [CrossRef] [PubMed]
12. Bright, T.; Kuper, H. A Systematic Review of Access to General Healthcare Services for People with Disabilities
in Low and Middle Income Countries. Int. J. Environ. Res. Public Health 2018, 15, 1879. [CrossRef] [PubMed]
13. Engdahl, B.; Idstad, M.; Skirbekk, V. Hearing loss, family status and mortality—Findings from the HUNT
study, Norway. Soc. Sci. Med. 2018, 220, 219–225. [CrossRef] [PubMed]
14. Hogan, A.; O’Loughlin, K.; Davis, A.; Kendig, H. Hearing loss and paid employment: Australian population
survey findings. Int. J. Audiol. 2009, 48, 117–122. [CrossRef] [PubMed]
15. Kochkin, S. The Impact of Untreated Hearing Loss on Household Income; Better Hearing Institute: Washington
DC, USA, 2007.
16. WHO. Global Costs of Unaddressed Hearing Loss and Cost-Effectiveness of Interventions; WHO: Geneva,
Switzerland, 2017.
17. Ferguson, M.A.; Kitterick, P.T.; Chong, L.Y.; Edmondson-Jones, M.; Barker, F.; Hoare, D.J. Hearing aids
for mild to moderate hearing loss in adults. Cochrane Database Syst. Rev. 2017, 9, CD012023. [CrossRef]
[PubMed]
18. Chisolm, T.H.; Johnson, C.E.; Danhauer, J.L.; Portz, L.J.; Abrams, H.B.; Lesner, S.; McCarthy, P.A.;
Newman, C.W. A systematic review of health-related quality of life and hearing aids: Final report of the
American Academy of Audiology Task Force On the Health-Related Quality of Life Benefits of Amplification
in Adults. J. Am. Acad. Audiol. 2007, 18, 151–183. [CrossRef] [PubMed]
19. Sarant, J.; Harris, D.; Busby, P.; Maruff, P.; Schembri, A.; Lemke, U.; Launer, S. The Effect of Hearing Aid Use
on Cognition in Older Adults: Can We Delay Decline or Even Improve Cognitive Function? J. Clin. Med.
2020, 9, 254. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2020, 17, 3470 10 of 10
20. Danquah, L.; Kuper, H.; Eusebio, C.; Rashid, M.A.; Bowen, L.; Foster, A.; Polack, S. The long term impact
of cataract surgery on quality of life, activities and poverty: Results from a six year longitudinal study in
Bangladesh and the Philippines. PLoS ONE 2014, 9, e94140. [CrossRef]
21. Grosh, M.; Glewwe, P. Designing Household Survey Questionnaires for Developing Countries: Lessons from 15
Years of the Living Standards Measurement Study; World Bank: New York, NY, USA, 2000.
22. Cholera, R.; Gaynes, B.N.; Pence, B.W.; Bassett, J.; Qangule, N.; Macphail, C.; Bernhardt, S.; Pettifor, A.;
Miller, W.C. Validity of the Patient Health Questionnaire-9 to screen for depression in a high-HIV burden
primary healthcare clinic in Johannesburg, South Africa. J. Affect. Disord. 2014, 167, 160–166. [CrossRef]
23. Arrieta, J.; Aguerrebere, M.; Raviola, G.; Flores, H.; Elliott, P.; Espinosa, A.; Reyes, A.; Ortiz-Panozo, E.;
Rodriguez-Gutierrez, E.G.; Mukherjee, J.; et al. Validity and Utility of the Patient Health Questionnaire
(PHQ)-2 and PHQ-9 for Screening and Diagnosis of Depression in Rural Chiapas, Mexico: A Cross-Sectional
Study. J. Clin. Psychol. 2017, 73, 1076–1090. [CrossRef]
24. Development of the World Health Organization WHOQOL-BREF quality of life assessment. The WHOQOL
Group. Psychol. Med. 1998, 28, 551–558.
25. Banks, L.M.; Kuper, H.; Polack, S. Poverty and disability in low- and middle-income countries: A systematic
review. PLoS ONE 2017, 12, e0189996. [CrossRef]
26. Sogebi, O.; Oluwole, L.; Mabifah, T. Functional Assessment of Elderly Patients with Hearing Impairment;
A Preliminary Evaluation. J. Clin. Gerontol. Geriatr. 2015, 6, 15–19. [CrossRef]
27. Dawes, P.; Cruickshanks, K.J.; Fischer, M.E.; Klein, B.E.; Klein, R.; Nondahl, D.M. Hearing-aid use and
long-term health outcomes: Hearing handicap, mental health, social engagement, cognitive function, physical
health, and mortality. Int. J. Audiol. 2015, 54, 838–844. [CrossRef]
28. Dawes, P.; Emsley, R.; Cruickshanks, K.J.; Moore, D.R.; Fortnum, H.; Edmondson-Jones, M.; McCormack, A.;
Munro, K.J. Hearing loss and cognition: The role of hearing AIDS, social isolation and depression. PLoS ONE
2015, 10, e0119616. [CrossRef] [PubMed]
29. Acar, B.; Yurekli, M.F.; Babademez, M.A.; Karabulut, H.; Karasen, R.M. Effects of hearing aids on cognitive
functions and depressive signs in elderly people. Arch. Gerontol. Geriatr. 2011, 52, 250–252. [CrossRef]
[PubMed]
30. Magalhaes, R.; Iorio, M.C. Quality of life and participation restrictions, a study in elderly.
Braz. J. Otorhinolaryngol. 2011, 77, 628–638. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
